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Abstract 
Dissolved organic carbon (DOC)  and particulate organic carbon (POC) play a 
critical role in nutrient cycling, contaminant transport and the global carbon cycle, but 
total organic carbon (TOC) fluxes are not well constrained across different land uses and 
environments.  Recent work has shown that runoff from agricultural watersheds can have 
high DOC contents due to leaching of crop residues and soil organic matter by rain and 
irrigation waters.  We use automated high resolution sampling of agricultural storm 
runoff and stream height to quantify DOC and POC fluxes and dynamics in an ephemeral 
channel on the coastal plain of Virginia.  Discharge measurements are determined using a 
rating curve developed using stream stage height and salt dilution measurements.  DOC 
and POC were characterized using high temperature catalytic oxidation and specific UV 
absorbance at 254 nm (SUVA254).  During a two week period in fall 2011 when a 
hurricane and tropical storm passed over the region, we measured a DOC flux of 22 kg 
ha
-1
 and a POC flux of 11.3 kg ha
-1
.  SUVA254 values indicated that the aromatic portion 
of DOC ranged from a minimum 18.6% at the beginning of the first event to a maximum 
of 44.0% during the second event; this represents an increase in soil derived DOC.  
Hysteresis plots and SUVA254 indicated that plant derived aliphatic DOC was depleted 
while soil sourced aromatic DOC was readily available.  Field conditions, particularly the 
degree of saturation from previous rain events, were found to influence the fluxes and 
character of DOC.  While ephemeral channels are often overlooked as sources of 
agricultural runoff, they can facilitate the export of large quantities of organic carbon 
during flashy, storm generated flows.  
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Introduction 
Organic carbon, in both particulate and dissolved form, is the reduced carbon 
derived from organisms, and is a key component in the global carbon cycle.  In this 
paper, dissolved organic carbon is defined as <0.7µm, and particulate organic carbon is 
defined as >0.7µm.  Organic carbon consists of a small percentage of the Earth’s carbon, 
but it is one of the more mobile and reactive forms.  Organic carbon is important to 
aquatic ecosystems, both as a vehicle for major nutrients like nitrogen and phosphorus 
and as a source of reduced carbon to heterotrophs.  The sources, sinks, and transport 
pathways of carbon are known to control the concentration of CO2 in the atmosphere 
(West and Marland, 2002).  Organic carbon, particularly dissolved organic carbon 
(DOC), can bond with trace metals, mobilizing in waterways potentially harmful 
elements such as Pb, Cd, and Zn which would otherwise be relatively immobile (Shafer 
et al., 1997). 
The DOC that is found in surface waters and groundwater is typically leached 
from plant matter and soil organic matter, although any organic material can be a source 
of DOC.  The composition of DOC varies greatly depending on original source material 
and the degree to which it has been broken down by microbial activity or 
photodegradation.  Organic matter can be divided into two general categories: aromatic 
and aliphatic compounds (Figure 1).  Aromatic compounds are characterized by ring 
structures and delocalized electrons, typically represented by alternating single bonds and 
double bonds.  The delocalization of electrons in a ring, usually composed of six carbons, 
lends additional stability to a molecule.  In soils, humic and fulvic acids have a high 
percentage of aromatic structures (McKnight et al., 2001; Jaffé et al., 2008).  Aliphatic 
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compounds include any organic molecule that is not aromatic.  Organic matter in plants is 
primarily composed of polymers, or chain structures.  The most common polymers in 
plants are cellulose and hemicelluloses, and lignin.  Cellulose and hemicelluloses are 
primarily composed of carbohydrates, which are aliphatic, while lignin is made up of 
chains of aromatic monomers (Andrews et al., 2004).  Due to these properties, it can be 
assumed organic matter with higher levels of aromaticity is sourced in soil organic 
matter, while aliphatic carbon is assumed to come from plant matter.  Highly aromatic 
DOC is less available for microbial processing than aliphatic dissolved plant material.   
Several studies have quantified the behavior of organic carbon in forested and 
agricultural watersheds with a range of areas.  Agricultural runoff can have high 
concentrations DOC due to the leaching of crop residues and soil organic matter by rain 
and irrigation waters (Dalzell et al., 2005; Vidon et al., 2008).  Storm events in particular 
have a significant effect on the transport of organic carbon (McDowell and Likens, 1988; 
Dalzell et al., 2005; Hood et al., 2006; Dalzell et al., 2007; Vidon et al., 2008).  Total 
DOC concentrations in streams are shown to increase during storm flows, which are 
taken to indicate the mobilization of DOC from organic rich soil horizons, due to 
changing flowpaths during storms (McDowell and Likens, 1988; Dalzell et al., 2005; 
Hood et al., 2006; Vidon et al., 2008).  Increases in aromatic DOC relative to the total 
DOC during storm events are interpreted to be an increase in the contribution of humic 
and fulvic soil acids to the total amount of DOC (Dalzell et al., 2005; Hood et al., 2006; 
Vidon et al., 2008).  Recent work has indicated the importance of land use and drainage 
area to both DOC concentration patterns and fluxes (Dalzell et al., 2011).  
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Runoff from agricultural lands can have high concentrations of major nutrients 
such as nitrogen and phosphorus, as well as high sediment loads (Lowrance et al., 1985; 
McKergow et al., 2003).  Water bodies with highly agricultural watersheds, such as the 
Chesapeake Bay, are often subject to eutrophication, a phenomenon that occurs when 
nutrients are delivered to that body of water in excess.  Nutrient loading leads to 
increased primary production, and when primary producers die, their decay process 
draws down O2 levels; as a result, waters become hypoxic or anoxic (Cooper and Brush, 
1993; Gray et al., 2002).    Previous work comparing streams with highly agricultural 
watersheds to watersheds with little or no agricultural land use has shown changes in the 
character of DOC across different land uses.  Relative to watersheds that are primarily 
vegetated with native plant species, agricultural watersheds export DOC of low molecular 
weight (Dalzell et al., 2005) and higher proportions of aromatic molecules (Vidon et al., 
2008).  This work indicates a higher degree of microbial activity in agricultural 
watersheds compared to forested drainage areas.  
In order to reduce the detrimental effects of runoff downstream, riparian buffers 
are frequently required between agricultural fields and the nearest perennial stream.  
Riparian buffers are naturally vegetated strips of land between agricultural land and 
adjacent streams.  They are considered a “best management practice” for intercepting 
field runoff and reducing nutrient and sediment export into streams and preventing 
eutrophication downstream (Mayer et al., 2005).  Although riparian buffers are proven to 
reduce nutrients in runoff, the riparian buffer model does not account for the 
concentration of stream flow on fields.  While riparian buffers are assumed to protect 
surface waters from agricultural runoff, on some fields, the natural topography can 
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concentrate runoff to such an extent that a channel is incised.  These channels can 
become ephemeral pathways for agricultural runoff to exit fields and enter nearby 
streams without substantial contact with a riparian buffer during intense storm events.  If 
the natural field topography concentrates runoff so that it only flows through a small 
portion of the riparian buffer, nutrient and sediment reduction may not be as effective 
(Dosskey et al., 2002).  Additionally, there is potential for channel incision through a 
buffer.  In cases where a channel forms, any field runoff that is funneled through the 
channel is essentially unfiltered by the buffer.  Research shows that these riparian buffer 
bypassing channels are significant sources of nutrients and sediment during storm 
generated flow (Hopkins, 2011).  These channels, though usually dry, may also 
contribute large fluxes of DOC, during relatively short storm events.   
The purpose of my research is to (1) quantify fluxes of DOC and POC mobilized 
during major storm events in a small agricultural drainage area; (2) characterize DOC 
composition; and (3) identify probable sources in the contributing drainage area.  
Previous studies have characterized DOC in streams with agricultural watersheds (Dalzell 
et al., 2005; Vidon et al., 2008; Petrone et al., 2011); however this study quantifies DOC 
in runoff in an ephemeral channel directly from an agricultural field.  Changes in organic 
carbon transport across different land uses are an essential piece of the carbon cycle.  
This work furthers our understanding of how land use affects terrestrial carbon fluxes. 
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Figure 1) Diagram of soil layers and some associated types of organic carbon. 
  
Humic acid molecule (aromatic) 
Cellulose structure 
(aliphatic polymer) 
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Study Site 
We studied an ephemeral channel draining 15 hectares of an agricultural field into 
the Chesapeake Bay via the James River.  The agricultural field used for this study is 
Burlington Plantation, which is located in Charles City County, Virginia (Figure 2).   The 
field is located atop the Charles City Formation, which is Quaternary in age and consists 
primarily of interbedded sand, silt, and clay (Dicken et al., 2005).  Soils at Burlington 
Plantation are primarily loam, with some clayey, silty and sandy loams also present; the 
field has slopes between 2 and 6 percent (Soil Survey Staff et al., 2011)  At Burlington 
Plantation, corn, soy, and winter wheat are grown on rotation, with a cover crop grown 
between crop cycles.  During data collection, soy was growing on the field, and wheat 
had been grown previously.  Standard best management practices are used, including no-
till and the emplacement of a riparian buffer.  Water samples were collected from an 
ephemeral incised channel, which drains 15 hectares, about 40% of the field.  The 
channel has no base flow, but it can discharge large volumes of runoff during storm-
related episodes of flow.  Field runoff that flows through the channel effectively bypasses 
the forested riparian buffer zone.  The channel in question has previously been shown to 
be a significant source of sediment and nutrients.  During a major storm event in 2010, 
estimates of suspended sediment export was >1000kg, P export was 4-7 kg, and NO3
2-
 
export was 70-100 kg (Hopkins, 2011). 
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Figure 2) Aerial image of Burlington plantation showing drainage area of channel and 
channel monitoring location 
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Materials and Methods 
Field Methods 
Runoff samples were collected from an incised channel approximately 30 m 
downstream from the field (Figure 2).  Channel height was monitored using a Campbell 
Scientific SR50-45 sonic range sensor.  The sonic range sensor was connected to a 
Campbell Scientific data logger (Figure 3), allowing us to record information for 
extended periods of time.  During periods of flow, distance to the water was recorded 
every 5 minutes.  Detection of a 6 cm decrease in the distance to the water triggered an 
ISCO 3700 automatic sampler (Figure 3), which collected 500 mL runoff samples at 
increasing time intervals from August 27, 2011 to August 29, 2011 and from September 
7, 2011 to September 10, 2011.  These two periods of flow corresponded with Hurricane 
Irene and Tropical Storm (T.S.) Lee.  Rainfall was recorded in cumulative inches at all 
times using a tipping bucket rain gauge attached to a HOBO datalogger.   
Discharge in the channel was measured during storm flow four times on two days 
in 2010 using the salt dilution method (Table 1).  We have discharge measurements for 
flow heights up to 0.324 m, but flows during Hurricane Irene were at least as high as 
0.813 m.  The range of channel heights at which the discharge was measured was 
insufficient to develop a full rating curve from the discharge-stage height relationship.  
Along with measurements of the channel geometry, average flow velocity was calculated 
for each measured discharge using equation (1) 
      (1) 
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where Q is discharge, A is the cross-sectional area of flow, and V is average flow 
velocity.  From the velocity and measurements of channel velocity, the friction 
coefficient for Manning’s equation (2) was calculated for each discharge measurement 
  
 
 
  
 
  
 
  (2) 
Where V is velocity, n is the friction coefficient, RH is the hydraulic radius, and S is slope.  
A scatter plot and a line of best fit show that channel flow height and the friction 
coefficient are related by an exponential function (Figure 4, Equation 3).   
                   (3) 
Where h is channel flow height.  The cross-sectional area of flow in m2 is described by 
equation 4 where h is channel depth in meters. 
                (4) 
Hydraulic radius as a function of height is given as a conditional function (Equation 5). 
    
            
  
                   
  (5) 
The slope at the point where channel height is monitored is known to be 0.0065 from 
field measurements.  Since A and V in equation (1) can be calculated from flow height 
and channel geometry, discharge can be estimated from a measured flow height. 
Lab Methods 
Filtration - All samples were filtered in the laboratory 10-14 days after they were 
collected by the auto-sampler using Millipore 0.7µm retention 47 mm diameter glass 
fiber filters.  The filters for Hurricane Irene were pre-combusted in a furnace at 400°C.  
For T. S. Lee, filters were only dried in an oven at 100°C.  The volume filtered for each 
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sample ranged from 60 mL to 120 mL, depending on suspended sediment concentration.  
All material that passed through the filters is considered to be dissolved matter, and all 
material that remained on the filter is considered to be particulate matter.  Filters weighed 
pre- and post-filtration with a mass balance to determine suspended sediment 
concentrations.  Filtrate for each sample was divided and stored in glass scintillation 
vials, polycarbonate plastic bottles and HDPE plastic bottles.  All analysis for organic 
material was done on samples stored in glass or polycarbonate bottles. 
DOC Analysis - DOC concentrations were determined using a Shimadzu TOC-L.  
Samples were frozen between filtration analyses.  In order to remove any inorganic 
carbon that may be dissolved in the sample, each sample was sparged for three minutes 
with high purity air and phosphoric acid during intake so that any inorganic carbon 
bubbled out as CO2.  The liquid sample was heated to gas, and the organic matter was 
combusted and converted to CO2.  CO2 was measured with infrared absorbance.  The 
instrument calibrates unknown DOC concentrations to known concentrations of DOC 
mixed from a potassium hydrogen phthalate (KHP) standard.   
To assess the risk of contamination by polypropylene ISCO bottles we conducted 
a leaching experiment.  Five clean ISCO bottles were filled with milli-Q water and left to 
leach for a month.  Analysis yielded an average DOC concentration of 0.4255 ± 0.0817 
mg/L.  Since the DOC concentrations measured in this study were between 7.14 mg/L 
and 33.33 mg/L, it is likely that any contamination that may have occurred when samples 
were sitting in ISCO bottles was insignificant to our interpretation.
 
POC Analysis - POC concentrations were determined using a PerkinElmer 
CHNS/O Elemental Analyzer.  The filters (diameter 44 mm) were too large to fit into the 
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tin sample capsules for the CHN analyzer.  A standard office hole-punch was used to cut 
uniform chads out of the filters.   Three chads together of a clean glass fiber filter have an 
average mass of 0.0089 ± 8.9×10
-5
 g.  Since the mass of the circles was repeatable within 
a small range for a clean filter, we assume that the circle size is also repeatable for the 
sediment laden filters.  After they were punched, the filters were acidified with 2N HCl in 
crucibles to remove any inorganic carbon.  The crucibles were dried overnight in a hood 
at 60°C.  The filter pieces were carefully placed in tin sample capsules and weighed.  The 
capsules were combusted, and carbon, hydrogen, and nitrogen were detected as gases and 
reported as weight percents of the original sample.  These can be assumed to represent 
the weight percent of C, H, and N from the original sample. 
SUVA254 – The aromatic fraction of DOC was assessed using the method for 
Specific UV absorbance at 254 nm (SUVA254) described by Weishaar et al. (2003).  
SUVA254 is an established proxy for percent aromaticity of DOC.  A spectrophotometer 
with a deuterium lamp and a 2 nm bandwidth was used to measure light absorbance 
(λ=254 nm) of an aliquot of sample filtrate in a 1 cm quartz cuvette.  Absorbance (m-1) 
was divided by DOC concentration (mg-C∙L-1) to give the value for SUVA254 in units of 
L∙mg-C-1∙m-1.  The filtrate used to measure absorbance were stored in glass and 
refrigerated.  Absorbance measurements were done within a week of filtration. Weishaar 
et al. (2003) developed the following equation (6) to relate SUVA254 measurements to 
percent aromaticity, which they determined with 
13
C NMR. 
             (6) 
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where y is percent aromaticity determined by 13C NMR, and   is the value for SUVA254.  
Because values can vary between different instruments, equation (6) can only be assumed 
to give approximate values for percent aromaticity of DOC.  
Flux Calculations – Storm fluxes were calculated for DOC, POC, and by 
extension TOC.  The measured DOC concentrations are multiplied by the discharge at the 
time of sampling.  A rating curve was created by plotting points of DOC flux in g/s 
against discharge (Figure 5 and Figure 6).  The curve fit for Hurricane Irene (Equation 7) 
and T.S. Lee (Equation 8) are listed below. 
              (7) 
             (8) 
 
Where y is the DOC flux in g/s and Q is discharge.  As a check, DOC flux was calculated 
using a second method for Hurricane Irene.  DOC concentrations were assumed to be 
constant halfway to samples immediately before and after them.  The first sample was 
extrapolated to the beginning of measured flow heights, and the last sample was 
measured to the end of measured flow heights.  The appropriate DOC concentration was 
multiplied by the estimated discharge for each five minute interval.  Since the total storm 
flux for Hurricane Irene was in good agreement with the rating curve method, we assume 
that the rating curve method can also be used for T.S. Lee. 
POC storm fluxes are calculated in the same fashion as DOC fluxes.  The POC 
rating curves for Hurricane Irene (Figure 7) and T.S. Lee (Figure 8) are  
                (9) 
                (10) 
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Where y is the flux of POC and Q is discharge.  POC fluxes were also calculated using 
the second method for comparison.  The flux values from the rating curve are 
consistently higher than the second method.  As such, caution should be exercised when 
considering these values.  However, the rating curve method is still useful, since it 
enables me to extrapolate estimates of POC for time periods when we did not take 
samples.   
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Figure 3) Channel monitoring station in the riparian buffer 
 
Date and Time 
Flow 
Depth 
Area (m
2
) R (m) n 
Mass salt 
(g) 
9/30/2010 1:46 AM 0.295 0.228 0.1857 0.1285 18.6936 
9/30/2010 2:10 AM 0.324 0.263 0.1952 0.0949 31.2564 
10/1/2010 7:46 AM 0.114 0.0539 0.0756 0.1617 14.0601 
10/1/2010 8:21 AM 0.110 0.0511 0.0729 0.1670 17.7591 
Table 1) Table showing date and time, flow depth, cross-sectional area of water flow, 
hydraulic radius (R), and roughness coefficient (n) of discharge measurements used to 
establish the function for n for discharge estimate. 
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Figure 4) Manning's n values plotted against channel flow height (m) for measured 
discharges. 
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Figure 5) DOC rating curve for flux calculations for Hurricane Irene 
 
Figure 6) DOC rating curve for flux calculations for T.S. Lee storm flow 
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Figure 7) POC rating curve for flux calculations for Hurricane Irene 
   
Figure 8) POC rating curve for flux calculations for T.S. Lee storm flow 
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Results 
Runoff samples were collected for two storm events in the fall of 2011.  These 
occurred on August 27, 2011 (Hurricane Irene) and September 6-8, 2011 (T.S. Lee). 
Preceding Hurricane Irene, only 1.81 inches of rain were recorded during the entire 
month of August, meaning that the soils were relatively dry.  During Hurricane Irene, we 
measured 7.85 inches of rainfall in less than 19.75 hours (Table 2).  The runoff from this 
event generated discharge in the monitored channel, with flow enduring for 44 hours on 
August 27-29, 2011 (Table 2).  Approximately 16,000 m
3
 of water passed through the 
channel and 19 samples of the runoff were collected in that time.  The hydrograph for the 
storm can be described as a single sharp peak, with a maximum discharge of 1.35 m
3
/s 
(Figure 10). 
Prior to T.S. Lee, soil moisture and the water table were presumed to be elevated 
as a result of the Hurricane Irene storm event.  The storm on September 6-8, 2011 
dropped 8.43 inches of rain in approximately 67.37 hours (Table 2).  Discharge persisted 
in the monitored channel for 65 hours on September 7-10, 2011.  In that time, 
approximately 12,700 m
3
 of water passed through the channel and 24 samples were 
collected.  Three distinct periods of rainfall intensity are mirrored in the hydrograph as 
three distinct peaks.  We sampled the entire first peak and part of the second peak.  The 
discharge recorded at each peak was 0.57 m
3
/s, 0.59 m
3
/s, and 0.53 m
3
/s respectively 
(Figure 10). 
Dissolved organic carbon (DOC) concentrations during Hurricane Irene ranged 
between 7.1 mg/L and 33.3 mg/L.  There was a strong dilution effect, where DOC 
concentrations decrease significantly at high flows (Figure 11 and Figure 15A).  The 
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clockwise path of the hysteresis shows that for a given discharge, DOC concentrations 
were higher on the rising limb than on the falling limb (Figure 15A).  The DOC flux 
pattern is similar to the pattern of discharge seen on the hydrograph (Figure 10 and 
Figure 12).  The flux of DOC for the entirety of Hurricane Irene was 190 kg or 12.7 kg 
ha
-1
. 
DOC concentrations for T.S. Lee ranged between 8.74 mg/L and 23.95 mg/L.  
DOC concentrations for this storm mirror the pattern of dilution at high flows observed in 
Hurricane Irene (Figure 13 and Figure 15B).  The hysteresis shows a counterclockwise 
path for DOC, meaning that DOC concentrations were higher on the falling limb than the 
rising limb for comparable flows (Figure 15B).  The DOC flux pattern for T.S. Lee, 
again, strongly mirrors discharge (Figure 10 and Figure 14).  The flux of DOC for the 
entire storm is estimated to be 140 kg or 9.3 kg ha
-1
.   
Particulate organic carbon (POC) concentrations during Hurricane Irene ranged 
from 3.4 mg/L to 23.7 mg/L.  POC concentrations decline over the course of the storm, 
and make up a much greater fraction of the total organic carbon budget at the beginning 
of the storm (Figure 13).  The hysteresis shows a clockwise loop, consistent with the 
decrease in POC concentration (Figure 15C).  Unlike the DOC hysteresis for Hurricane 
Irene, there is no evidence of re-concentration of POC at low flows.  The ratio of POC to 
total suspended sediment (TSS) was increased slightly at very high flows and increased 
significantly at very low flows (Figure 16).  The entire POC load for Hurricane Irene is 
estimated to be 90 kg or 6 kg ha
-1
. 
POC concentrations for T.S. Lee range between 3.2 mg/L and 25.9 mg/L.  POC 
concentrations decrease over the first peak in the hydrograph, however, the sample 
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collected near the maximum discharge of the second peak showed a very high 
concentration of POC (Figure 13).  The hysteresis shows a clockwise pattern that is near 
horizontal (Figure 15D).  The ratio of POC to TSS was increased slightly at very high 
flows and increased significantly at very low flows (Figure 17).  The POC load for the 
entirety of T.S. Lee is estimated to be 80 kg or 5.3 kg ha
-1
.
 
The TOC flux for Hurricane Irene was 18.7 kg ha
-1
, while the TOC flux for T.S. 
Lee was 14.6 kg ha
-1
.  The estimated mass of organic carbon exported during Hurricane 
Irene was 190 kg of DOC and 90 kg of POC, for a total of 280 kg of organic carbon.  The 
estimated mass of organic carbon exported during T.S. Lee was 140 kg of DOC and 80 
kg of POC, for a total 220 kg of organic carbon.  The DOC:POC ratio for both storms 
was about 2:1.  Additionally, the average TOC export for Hurricane Irene and T.S. Lee 
was 0.0175 kg/m
3
 and 0.0173 kg/m
3
, respectively.  The average TOC export is merely the 
total mass of organic carbon divided by the total volume of water exported during the 
entire event. 
The SUVA254 values for both storms together range between 2.3 L mg-C
-1
 m
-1
 and 
6.2 L mg-C
-1
 m
-1
.  These values show an increasing trend beginning during Hurricane 
Irene, and continuing through T.S. Lee (Figure 10).  SUVA254 values seem to level out 
during the second storm.  In addition, a histogram of SUVA254 values indicates there are 
3 distinct populations of aromatic carbon that appear during the storm (Figure 18).  The 
equation from Weishaar (2003) gives 20% percent aromaticity of DOC in runoff at the 
beginning of Hurricane Irene, increasing to 40% and leveling off during T.S. Lee.    
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Figure 9) Cumulative rainfall in inches between August 1, 2011 and September 15, 2011 
Table 2) Summary of two storms that occurred during Fall 2011 
 Hurricane Irene (August 
27-29) 
T.S. Lee (September 
6-10) 
Both 
Precipitation 7.85 in 8.43 in 16.28 in 
Duration of 
rainfall 
19.75 hours 67.37 hours - 
Flow volume 16,000 m
3
 12,700 m
3
 28,700 m
3 
Duration of 
flow 
44 hours 65 hours 109 hours 
DOC flux 12.7 kg ha
-1 
9.3 kg ha
-1 
22 kg ha
-1 
POC flux 6 kg ha
-1 
5.3 kg ha
-1 
11.3 kg ha
-1 
TOC flux 18.7 kg ha
-1 
14.6 kg ha
-1 
33.3 kg ha
-1 
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Figure 10) Hydrograph for Hurricane Irene and September 7-10, 2011 storm.  DOC 
fluxes and SUVA254 values only shown for collected samples. 
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Figure 11) Organic carbon concentrations (mg/L) for samples collected during Hurricane 
Irene on August 28-29, 2011.  Particulate organic carbon is >0.7 µm in diameter.  Dashes 
show discharge for each sample.  
 
Figure 12) Organic carbon fluxes (g/s) for samples collected during Hurricane Irene on 
August 28-29, 2011.  POC is >0.7 µm in diameter.  Dashes indicate discharge for each 
sample. 
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Figure 13) Organic carbon concentrations (mg/L) for samples from T.S. Lee on 
September 8, 2011.  POC is > 0.7 µm in diameter. Dashes show discharge for each 
sample. 
 
 
Figure 14) Organic carbon fluxes (g/s) for samples from T.S. Lee on September 8, 2011.  
POC is >0.7 µm in diameter. 
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Hysteresis Loops for Dissolved and Particulate Organic Carbon 
Hurricane Irene           Tropical Storm Lee
 
  
            
Figure 15) Hysteresis loops for dissolved (DOC) and particulate (POC) organic carbon 
and for TSS from Hurricane Irene and T.S. Lee.  B, D and F only include data points 
from the first hydrograph peak of the September storm.  Diagonal trend in A and B 
indicate a dilution effect.  A, C, D, E and F loops show a clockwise loop, indicative of a 
“first flush” effect. 
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Figure 16) Organic percent of total suspended sediment for Hurricane Irene 
 
 
Figure 17) Organic percent of total suspended sediment for TS Lee 
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Figure 18) Histogram of SUVA254 values for both storms together.  Values in bins of 0.5 
L∙mg-C-1∙m-1 
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Discussion 
Dissolved organic carbon fluxes and sources  
Even though there is no baseflow in the channel and storm flows are rare, high 
fluxes and concentrations of organic carbon indicate that this ephemeral channel likely 
represents a significant source of organic carbon export (Table 2).  In eight months there 
were seven events that generated flow in the channel.  The occurrence of two major 
hydrologic events so close together provides a unique opportunity to assess the effects of 
antecedent soil moisture on organic carbon fluxes and sources from a single agricultural 
field.  Because of the time frame, seasonal factors including crop cover, fertilizer 
applications, and temperature are not significantly different between the events. 
Concentrations of DOC are higher at low flows and lower at high flows (Figure 
11 and Figure 13).  This dilution that occurred during peak flows can be attributed to the 
volume of meteoric water, which typically has DOC concentrations of around 1 mg/L 
(McDowell and Likens, 1988).  It is likely that the discharge volume increased at a faster 
rate than DOC could be leached.  Despite the dilution affect during high flows, fluxes 
were magnified during peak flow due to the discharge of water during high flows (Figure 
12 and Figure 14).  During the sampling interval for Hurricane Irene, DOC 
concentrations decreased by approximately 66%, while peak discharge values increased 
over 75 times the volume of early flows.   
In addition to the dilution trend, DOC hystereses indicate differing runoff 
flowpaths during Hurricane Irene and T.S. Lee (Figure 15A – B).  The hysteresis for 
Hurricane Irene has a clockwise shape.  Other studies have attributed a clockwise pattern 
in solute-discharge hysteresis to initial flushing of soluble material from soils (House and 
34 
 
Warwick, 1998; Evans and Davies, 1998; Miller and Miller, 2007).  SUVA254 values 
during Hurricane Irene show an increasing proportion of aromatic DOC (Figure 10), 
which either indicates the introduction of a new source of aromatic DOC or the depletion 
of an aliphatic source.  Hysteresis and SUVA254 data together indicate that while an 
aliphatic source was depleted, the primary source of DOC is more aromatic and remains 
relatively constant. 
While SUVA254 values remained relatively constant for T.S. Lee, the DOC 
hysteresis shows a counterclockwise trend.  Counterclockwise solute-discharge 
hystereses are usually associated with an initial influx of dilute surface runoff followed 
by the introduction of more concentrated soil water (House and Warwick, 1998; Evans 
and Davies, 1998; Miller and Miller, 2007).  In this case, the contribution of more dilute 
surface runoff is likely significant for the entire duration of the flow event, and the more 
concentrated falling limb likely represents the mixing of surface runoff with throughflow.   
The aromatic percent of DOC measured (as high as 40%) is very high, and 
indicates a high contribution from humic and fulvic soil acids.  Highly aromatic DOC 
typically has lower molecular weight and generates less bacterial activity than high 
molecular weight DOC, which tends to be aliphatic (Amon and Benner, 1996a).  
However, humic substances are also highly susceptible to degradation and mineralization 
by photochemical reactions (Allard et al., 1994; Amon and Benner, 1996b).  Some 
studies (McDowell and Likens, 1988; Dalzell et al., 2005; Vidon et al., 2008; Oeurng et 
al., 2011) have observed increases in DOC concentrations during storm flow for mid- to 
large-sized watersheds.  Sources like the field in this study may contribute 
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disproportionately large amounts of DOC to larger streams during storm flows, a large 
fraction of which is labile and of low molecular weight.   
Particulate organic carbon fluxes and sources 
Particulate organic carbon fluxes are governed by different processes than 
dissolved organic carbon fluxes.  POC behavior is linked to total suspended sediment 
(TSS).  Possible sources of sediment in runoff include the field, the channel, or sediment 
released by subsurface flow through macropores.  Sediment from the field is most 
entrained by rain splash during high intensity precipitation.  Channel incision mobilizes 
sediment during high flows.   
The POC concentrations are highest early on the rising limb of the hydrograph for 
Hurricane Irene and for peak A of the T.S. Lee flow.  The observed pattern appears to be 
consistent with a “first flush” effect, which occurs when sediments accumulate between 
storm events and are moved quickly into the stream at the beginning of a storm event 
(Miller and Miller, 2007).  The few samples taken during hydrograph peak B of T.S. Lee 
show high POC concentrations.  In fact, the sample with the highest measured POC 
concentration (25.90 mg/L) was collected near the highest flow of peak B.  Since 
successive periods of intense flow generated high concentrations of particulate organic 
matter, a first flush effect may be an incomplete explanation.  Comparisons of hystereses 
for POC and total suspended sediment show nearly identical patterns (Figure 15C – F), 
indicating that for POC and for total suspended sediment are closely linked.  The ratio of 
POC to TSS increased during both peak flows and the lowest flows (Figure 16 and Figure 
17).  The small spike during peak flows may be the signal of increased sediment from 
rain splash or incision of channels in the field in the field.  The high POC to TSS ratio at 
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low flows may be the result of increased contribution of sediments from erosion from 
macropores.  In reality, suspended sediment is likely derived from a mix of channel, field, 
and shallow subsurface flow.   
Organic Carbon Export During Irene and Lee 
The organic carbon flux values calculated for each storm suggest that both DOC 
and POC are significant contributors to the total amount of organic matter (Table 2).  The 
similar DOC:POC ratio and average TOC concentrations for Hurricane Irene and T.S. 
Lee suggest that it may be possible to estimate carbon export for other storms from 
measured discharge.  Over the course of two weeks, the field area exported 22 kg ha
-1
 of 
DOC.  Similar studies have observed DOC fluxes ranging from 0.1 to 5.1 kg ha
-1
 y
-1
 for a 
tile-drained field in the Midwest (Dalzell et al., 2011) to a 10 year average of 130.1 kg ha
-
1
 y
-1
 (Owens and Shipitalo, 2011).  POC exports for the two week period were 11.3 kg ha
-
1
, compared to 140.2 kg
 
ha
-1
 y
-1
 (Owens and Shipitalo, 2011).  The Burlington Plantation 
site, like many fields on the Coastal Plain, retains its natural topography and drainage 
patterns.  The storm-level fluxes indicate that small differences in field topography can 
greatly influence organic carbon export.   
To put this into perspective, there are 2.6 million hectares of cropland in the 
Chesapeake Bay Watershed (Chesapeake Bay Program).  If all of that land exported 
organic carbon at the same rate as the Burlington Plantation study site, then 48,500 metric 
tons of organic carbon (32,900 T DOC + 15,600 T POC) could have been mobilized 
during Hurricane Irene alone.  Considering the short time scales over which organic 
carbon can be broken down when oxidized via microbial munching or photodegradation, 
this is a significant amount of carbon to be mobilized in a single day. 
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For future work, there are several analyses that might further elucidate the 
behavior of organic carbon during storms.  It would be useful to correlate the character of 
organic matter in soil layers with the character of organic matter in runoff.  This would be 
accomplished with a leaching experiment of the soil at different depths.  The leachate 
would then be characterized via SUVA254.  Additionally, fluorescence characterization of 
DOC, particularly the fluorescence index and protein-like components (Fellman et al., 
2010), would increase our understanding of the bioavailability of DOC.  Incubation 
experiments would be a useful to assess more accurately the rates organic carbon 
degradation and CO2 production in runoff by microbial activity. 
Conclusions 
Although ephemeral channels have previously been overlooked, they are 
important pathways for agricultural runoff.  Storm events are the single most important 
type of event for controlling the amount of organic carbon exported from agricultural 
lands.  Large storm events are capable of moving tens of kilograms of organic carbon per 
hectare over short time periods, compared to forested first-order perennial streams, which 
may export similar amounts in a year.  Antecedent soil moisture conditions can 
significantly affect the character of organic carbon and the flowpaths of runoff.  
Additionally, sources of aliphatic DOC are likely to be depleted if there has been a recent 
storm, while aromatic carbon supplied by soils is readily available.  Field drainage 
patterns that lead to increased organic carbon exports are likely to be fields with 
increased susceptibility to forming riparian buffer bypassing channels.   
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Appendix A: Sample Tables 
Table 3) Table of DOC, POC, TSS, and SUVA254 for Hurricane Irene.  Red discharge 
values indicate weighted average from surrounding value to compensate for lack of flow 
height measurement. 
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8
/2
9
/1
1
 1
0
:0
0
 
8
/2
9
/1
1
 1
2
:0
0
 
8
/2
9
/1
1
 1
4
:0
0
 
B
o
tt
le
 #
 
1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 
9
 
1
0
 
1
1
 
1
2
 
1
3
 
1
4
 
1
5
 
1
6
 
1
7
 
1
8
 
1
9
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Table 4) Table of cation and anion concentration data for Hurricane Irene.  Anion and 
cation measurements obtained using ion chromatography. 
S
O
4
2
-  
(m
g
/L
) 
1
.3
7
 
1
.1
6
 
1
.1
1
 
1
.0
6
 
1
.0
4
 
0
.9
4
 
0
.8
2
 
0
.9
2
 
0
.9
3
 
0
.9
7
 
1
.0
6
 
1
.0
8
 
1
.1
4
 
1
.2
0
 
1
.3
3
 
1
.4
6
 
1
.6
1
 
1
.8
0
 
2
.1
9
 
N
O
3
- 
(m
g
/L
) 
3
.8
1
 
4
.5
7
 
4
.1
0
 
2
.4
3
 
2
.3
3
 
1
.4
5
 
1
.1
4
 
1
.0
3
 
1
.0
1
 
0
.9
6
 
1
.2
2
 
0
.9
5
 
0
.9
6
 
0
.9
6
 
0
.9
6
 
0
.9
6
 
0
.9
9
 
1
.0
2
 
1
.0
6
 
N
O
2
-  
(m
g
/L
) 
0
.2
1
 
0
.1
9
 
0
.1
9
 
0
.1
8
 
0
.1
7
 
0
.1
7
 
0
.1
6
 
0
.1
6
 
0
.1
7
 
0
.1
6
 
0
.1
6
 
- 
0
.1
6
 
- 
0
.1
6
 
0
.1
6
 
0
.1
6
 
0
.1
6
 
0
.1
6
 
P
O
4
3
-  
(m
g
/L
) 
0
.7
7
 
0
.7
6
 
0
.6
6
 
0
.4
0
 
0
.4
1
 
0
.3
7
 
0
.3
8
 
0
.3
4
 
0
.3
4
 
0
.3
3
 
0
.3
1
 
0
.3
1
 
0
.3
2
 
0
.3
6
 
0
.3
6
 
0
.3
5
 
0
.3
6
 
0
.3
5
 
0
.2
9
 
N
a+
 (
m
g
/L
) 
0
.9
5
 
0
.4
3
 
0
.3
6
 
0
.4
7
 
0
.5
6
 
0
.4
1
 
0
.4
0
 
0
.3
8
 
0
.4
4
 
0
.4
9
 
0
.6
8
 
0
.8
4
 
1
.1
7
 
1
.2
9
 
1
.5
4
 
1
.7
2
 
1
.8
2
 
1
.8
4
 
1
.8
7
 
N
H
4
+
 (
m
g
/L
) 
1
.1
0
 
0
.2
0
 
0
.1
1
 
0
.1
3
 
- - 
0
.0
1
 
0
.0
0
 
0
.0
0
 
0
.0
0
 
0
.0
0
 
0
.0
0
 
0
.0
0
 
- 
0
.0
0
 
- - 
0
.0
0
 
0
.0
0
 
K
+
 (
m
g
/L
) 
7
.2
9
 
8
.0
6
 
7
.4
6
 
6
.8
9
 
6
.7
7
 
4
.9
2
 
4
.1
9
 
3
.7
9
 
4
.1
8
 
4
.6
7
 
5
.4
7
 
6
.1
1
 
6
.8
5
 
7
.1
6
 
7
.7
3
 
8
.0
9
 
8
.3
9
 
8
.3
8
 
- 
M
g
+
 (
m
g
/L
) 
0
.7
0
 
0
.7
7
 
0
.7
4
 
0
.6
5
 
0
.6
9
 
0
.5
2
 
0
.5
6
 
0
.6
1
 
0
.7
3
 
0
.9
0
 
1
.1
1
 
1
.3
6
 
1
.6
3
 
1
.7
9
 
1
.9
7
 
2
.0
8
 
2
.1
4
 
2
.0
6
 
1
.8
5
 
C
a+
 (
m
g
/L
) 
1
.8
9
 
1
.9
0
 
1
.8
7
 
1
.6
1
 
1
.4
7
 
1
.1
9
 
1
.3
2
 
1
.4
0
 
1
.5
7
 
1
.8
1
 
2
.2
2
 
2
.7
8
 
3
.4
5
 
4
.7
7
 
4
.3
8
 
4
.6
3
 
4
.8
3
 
4
.7
0
 
5
.4
0
 
B
o
tt
le
 #
 
1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 
9
 
1
0
 
1
1
 
1
2
 
1
3
 
1
4
 
1
5
 
1
6
 
1
7
 
1
8
 
1
9
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Table 5) Table of DOC, POC, TSS, and SUVA254 and for T.S. Lee. 
%
 a
ro
m
at
ic
 
3
9
.1
2
 
4
4
.0
2
 
4
1
.7
7
 
4
0
.9
5
 
4
3
.7
6
 
4
2
.6
5
 
4
0
.8
9
 
3
8
.5
8
 
3
9
.4
3
 
3
7
.1
2
 
3
9
.7
2
 
3
8
.9
7
 
3
7
.3
4
 
3
7
.2
7
 
3
7
.3
3
 
3
6
.6
8
 
3
7
.1
7
 
3
7
.4
8
 
3
7
.1
3
 
3
8
.3
4
 
3
7
.3
6
 
3
8
.7
9
 
3
9
.0
0
 
4
0
.6
4
 
S
U
V
A
2
5
4
 
5
.4
4
 
6
.1
9
 
5
.8
5
 
5
.7
2
 
6
.1
6
 
5
.9
9
 
5
.7
2
 
5
.3
6
 
5
.4
9
 
5
.1
4
 
5
.5
4
 
5
.4
2
 
5
.1
7
 
5
.1
6
 
5
.1
7
 
5
.0
7
 
5
.1
4
 
5
.1
9
 
5
.1
4
 
5
.3
2
 
5
.1
7
 
5
.3
9
 
5
.4
2
 
5
.6
8
 
A
b
s 
2
5
4
 n
m
 
0
.7
7
9
 
0
.8
4
 
0
.8
6
0
5
 
0
.9
5
2
 
0
.9
7
5
 
0
.6
5
3
 
0
.5
6
7
 
0
.5
0
5
 
0
.5
1
8
 
0
.4
7
 
0
.4
8
4
 
0
.5
0
3
 
0
.6
2
4
 
0
.7
2
9
 
0
.7
6
7
 
0
.8
3
6
 
0
.8
7
4
 
0
.9
3
5
5
 
0
.9
5
4
 
1
.1
0
9
 
1
.2
3
9
 
1
.2
1
5
 
0
.4
8
4
 
0
.5
6
7
 
T
S
S
 (
m
g
/L
) 
8
4
5
.2
4
 
5
4
2
.5
0
 
1
8
7
.2
9
 
1
1
3
.5
5
 
1
0
4
5
.7
6
 
8
1
2
.7
1
 
4
4
8
.3
1
 
3
7
0
.3
4
 
5
0
4
.6
9
 
1
0
9
.3
2
 
8
8
.8
9
 
5
8
.3
3
 
7
4
.6
2
 
8
4
.1
7
 
9
6
.0
5
 
1
0
7
.7
6
 
9
4
.8
3
 
6
9
.6
7
 
6
4
.4
8
 
1
8
.1
0
 
1
2
.9
3
 
4
8
.2
8
 
2
4
3
7
.5
0
 
1
4
3
1
.8
2
 
P
O
C
 (
m
g
/L
) 
1
9
.6
1
 
1
1
.1
4
 
9
.5
8
 
7
.4
5
 
1
8
.9
6
 
1
2
.9
9
 
8
.9
3
 
8
.6
3
 
8
.1
3
 
4
.9
2
 
4
.7
4
 
3
.6
0
 
4
.2
2
 
4
.1
2
 
3
.6
1
 
5
.0
3
 
4
.2
8
 
3
.9
2
 
3
.9
2
 
- 
3
.1
9
 
- 
2
5
.9
1
 
- 
D
O
C
 (
m
g
/L
) 
1
4
.3
1
 
1
3
.5
6
 
1
4
.7
1
 
1
6
.6
3
 
1
5
.8
4
 
1
0
.9
1
 
9
.9
2
1
 
9
.4
2
 
9
.4
3
3
 
9
.1
4
9
 
8
.7
4
3
 
9
.2
8
 
1
2
.0
7
 
1
4
.1
3
 
1
4
.8
4
 
1
6
.4
9
 
1
6
.9
9
 
1
8
.0
2
 
1
8
.5
7
 
2
0
.8
3
 
2
3
.9
5
 
2
2
.5
3
 
8
.9
2
3
 
9
.9
8
8
 
F
lo
w
 (
m
3
/s
) 
0
.0
0
4
6
0
 
0
.0
0
4
7
0
 
0
.0
0
3
8
6
 
0
.0
0
2
6
7
 
0
.0
0
5
1
1
 
0
.0
6
6
5
3
 
0
.0
8
8
2
4
 
0
.1
2
0
5
6
 
0
.2
9
2
9
1
 
0
.5
5
4
8
7
 
0
.3
8
8
5
5
 
0
.2
9
1
2
5
 
0
.1
9
5
9
8
 
0
.1
3
4
3
2
 
0
.0
9
7
0
0
 
0
.0
6
3
9
4
 
0
.0
4
4
6
3
 
0
.0
2
8
7
4
 
0
.0
1
9
4
6
 
0
.0
0
7
2
4
 
0
.0
0
3
2
7
 
0
.0
0
6
0
0
 
0
.5
1
0
9
2
 
0
.2
4
6
2
8
 
D
ep
th
 (
m
) 
0
.1
1
3
 
0
.1
1
4
 
0
.1
0
5
 
0
.0
9
 
0
.1
1
8
 
0
.3
2
3
 
0
.3
6
 
0
.4
0
4
 
0
.5
4
7
 
0
.6
6
6
 
0
.5
9
8
 
0
.5
4
6
 
0
.4
7
9
 
0
.4
2
 
0
.3
7
3
 
0
.3
1
8
 
0
.2
7
4
 
0
.2
3
3
 
0
.2
0
1
 
0
.1
3
6
 
0
.0
9
8
 
0
.1
2
6
 
0
.6
4
9
8
9
 
0
.5
1
7
 
D
at
e/
T
im
e 
9
/8
/1
1
 5
:0
0
 
9
/8
/1
1
 5
:0
5
 
9
/8
/1
1
 5
:1
0
 
9
/8
/1
1
 5
:2
0
 
9
/8
/1
1
 9
:2
0
 
9
/8
/1
1
 9
:3
0
 
9
/8
/1
1
 9
:4
0
 
9
/8
/1
1
 9
:5
0
 
9
/8
/1
1
 1
0
:0
0
 
9
/8
/1
1
 1
0
:2
0
 
9
/8
/1
1
 1
0
:4
0
 
9
/8
/1
1
 1
1
:0
0
 
9
/8
/1
1
 1
1
:2
0
 
9
/8
/1
1
 1
1
:4
0
 
9
/8
/1
1
 1
2
:0
0
 
9
/8
/1
1
 1
2
:3
0
 
9
/8
/1
1
 1
3
:0
0
 
9
/8
/1
1
 1
3
:3
0
 
9
/8
/1
1
 1
4
:0
0
 
9
/8
/1
1
 1
6
:0
0
 
9
/8
/1
1
 1
8
:0
0
 
9
/8
/1
1
 2
0
:0
0
 
9
/8
/1
1
 2
2
:0
0
 
9
/9
/1
1
 0
:0
0
 
B
o
tt
le
 #
 
1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 
9
 
1
0
 
1
1
 
1
2
 
1
3
 
1
4
 
1
5
 
1
6
 
1
7
 
1
8
 
1
9
 
2
0
 
2
1
 
2
2
 
2
3
 
2
4
 
 
  
45 
 
Table 6) Table of anion and cation concentrations.  Ion concentrations determined using 
ion chromatography. 
S
O
4
2
-  
(m
g
/L
) 
1
.1
4
 
1
.1
1
 
1
.0
7
 
1
.0
7
 
1
.3
0
 
1
.0
1
 
0
.9
7
 
0
.9
2
 
0
.9
2
 
0
.8
7
 
0
.8
7
 
0
.8
5
 
0
.9
4
 
0
.9
5
 
0
.9
8
 
1
.0
2
 
1
.0
4
 
1
.0
7
 
1
.0
8
 
1
.1
7
 
1
.2
7
 
1
.2
5
 
1
.1
7
 
1
.1
5
 
N
O
3
- 
(m
g
/L
) 
2
.1
7
 
2
.0
1
 
1
.9
6
 
1
.8
8
 
1
.0
6
 
1
.1
0
 
1
.0
8
 
1
.0
7
 
1
.0
7
 
1
.0
5
 
1
.0
3
 
1
.0
1
 
0
.9
9
 
0
.9
6
 
0
.9
7
 
0
.9
6
 
0
.9
7
 
0
.9
6
 
0
.9
5
 
0
.9
7
 
0
.9
6
 
0
.9
8
 
1
.0
1
 
1
.0
1
 
N
O
2
-  
(m
g
/L
) 
0
.1
9
 
0
.1
9
 
0
.1
9
 
0
.1
9
 
0
.1
7
 
0
.1
7
 
0
.1
7
 
0
.1
7
 
0
.1
7
 
0
.1
7
 
0
.1
7
 
0
.1
7
 
0
.1
7
 
0
.1
7
 
0
.1
7
 
0
.1
7
 
0
.1
7
 
0
.1
7
 
0
.1
6
 
0
.1
7
 
0
.1
7
 
0
.1
8
 
0
.1
7
 
0
.1
7
 
P
O
4
3
-  
(m
g
/L
) 
0
.5
2
 
0
.5
5
 
0
.5
6
 
0
.5
3
 
0
.3
5
 
0
.2
9
 
- 
0
.2
8
 
0
.2
7
 
0
.3
2
 
0
.3
1
 
0
.3
2
 
0
.3
0
 
0
.2
9
 
0
.2
9
 
0
.2
8
 
0
.2
9
 
0
.2
9
 
0
.2
8
 
0
.2
9
 
0
.2
9
 
0
.3
0
 
- - 
N
a+
 (
m
g
/L
) 
1
.1
7
 
0
.9
8
 
1
.0
2
 
0
.8
7
 
3
.4
9
 
1
.4
0
 
1
.0
9
 
0
.9
6
 
1
.0
7
 
0
.9
1
 
0
.7
0
 
0
.8
6
 
1
.1
0
 
0
.9
1
 
1
.0
4
 
1
.0
9
 
1
.1
6
 
1
.1
5
 
1
.5
0
 
1
.4
2
 
1
.6
5
 
1
.4
1
 
1
.4
1
 
1
.2
8
 
N
H
4
+
 (
m
g
/L
) 
0
.4
9
 
0
.4
5
 
0
.4
6
 
0
.4
0
 
0
.1
6
 
0
.1
2
 
0
.0
9
 
0
.1
0
 
0
.0
8
 
0
.1
3
 
0
.1
3
 
0
.0
9
 
0
.0
8
 
0
.0
8
 
0
.0
4
 
0
.0
1
 
0
.0
7
 
0
.1
1
 
0
.0
0
 
0
.0
6
 
0
.0
4
 
0
.0
8
 
0
.0
2
 
- 
K
+
 (
m
g
/L
) 
- - 
6
.1
4
 
6
.7
2
 
6
.4
2
 
3
.9
8
 
3
.7
6
 
3
.6
6
 
3
.7
0
 
- 
4
.1
6
 
4
.1
6
 
4
.2
4
 
4
.2
8
 
4
.3
3
 
4
.5
7
 
4
.6
7
 
4
.8
6
 
4
.8
9
 
5
.5
0
 
5
.9
1
 
5
.8
4
 
2
.7
4
 
2
.4
6
 
M
g
+
 (
m
g
/L
) 
0
.9
3
 
0
.9
9
 
1
.0
7
 
1
.2
5
 
1
.5
7
 
0
.8
8
 
0
.8
6
 
0
.8
4
 
0
.8
4
 
0
.8
5
 
0
.9
3
 
1
.0
2
 
1
.1
6
 
1
.2
4
 
1
.3
2
 
1
.4
0
 
1
.4
8
 
1
.5
6
 
1
.6
4
 
1
.8
6
 
2
.0
6
 
1
.9
6
 
0
.6
8
 
0
.7
6
 
C
a+
 (
m
g
/L
) 
2
.2
7
 
2
.5
0
 
2
.6
2
 
3
.2
2
 
3
.6
4
 
2
.1
8
 
2
.0
6
 
2
.0
8
 
1
.9
5
 
1
.9
6
 
2
.1
1
 
2
.3
1
 
2
.6
4
 
2
.8
6
 
3
.0
3
 
3
.2
9
 
3
.4
6
 
3
.6
8
 
3
.9
4
 
4
.5
8
 
5
.0
2
 
4
.8
1
 
1
.6
0
 
1
.9
6
 
B
o
tt
le
 #
 
1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 
9
 
1
0
 
1
1
 
1
2
 
1
3
 
1
4
 
1
5
 
1
6
 
1
7
 
1
8
 
1
9
 
2
0
 
2
1
 
2
2
 
2
3
 
2
4
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Appendix B: Digester Experiments 
I experimented with using UV digestion to convert organically bound phosphorus 
to orthophosphate (PO4
3-
).  I used samples of agricultural runoff collected during a storm 
on July 9, 2011.  Samples of undigested and digested runoff were run on the ion 
chromatograph.  Digestions were conducted with a Metrohm 705 UV Digester.  The 
instrument uses a Hg lamp to inundate samples with UV light.  UV light catalyzes the 
breakdown of organic material.  Four vials of the same sample were digested at ~80°C for 
different lengths of time.  The samples were initially a pale brown color, and after 
digestion, each sample was clear.  All digested samples measured higher PO4
3-
 
concentration than the undigested sample, but the amount by which phosphate increased 
was inconsistent.   
Sample 
Digestion Time 
(min) 
 [PO4
3-
] mg/L 
Organic P 
(mg/L) 
% increase from 
undigested 
BP10 0 0.5111 - - 
UV 1 60 0.6384 0.1273 24.91 
UV 4 90 0.6128 0.1017 15.93 
UV 7 120 0.6113 0.1002 16.35 
UV 10 150 0.5905 0.0794 12.99 
Table 7) UV Digestion experiment results.  Organic P refers to the difference between BP 
10 [PO43-] and UV sample. 
